This study evaluated the use of urine for soilless cultivation (as Peeponics) of Amaranthus viridis and Corchorus olitorius vegetables. This is a laboratory-based experiment involving optimization of amount of urine and dilution required for optimal growth of the test plants. Based on laboratory results, the experiments were scaled up. About 50 L of raw urine was collected from a male postgraduate student's hall of residence, University of Ibadan, Ibadan, Nigeria. Water from Awba Dam, a natural lake within University of Ibadan, was used as the control. Viable seeds of Amaranthus viridis and Corchorus olitorius were collected from Department of Agronomy, University of Ibadan, and germinated in a nursery for 10 days before transplanting. The raw urine was diluted with varying amount of water in the ratio 1:1 through 1:50. Nutrients in urine media (nitrogen, phosphorus, potassium) and biomass indicators of plant growth (height, weight, number of leaves and leaf area) were determined using standard procedures. Urine dilution ratios below 1:25 did not support the experimental plants growth within a week. Plant height (cm), stem girth (cm), number of leaves (sheets) and leaf area (cm 2 ) of Amaranthus viridis and Corchorus olitorius cultivated on Urine Dilution Ratio (UDR) 1:35 and 1:45 were higher at the end of week 3 compared to other dilutions and control. Percentage reduction of nutrients (NPK) in the media of Amaranthus viridis cultivated on UDR 1:45 was several folds higher (N = 59.9%, P = 100%, K = 55.3%) compared to that of UDR 1:35 (N = 38.5%, P = 49.1%, K = 37.6%). In the control water, the nutrients were totally removed during the experimental period. Growth of Corchorus olitorius cultivated on both UDR 1:35 and 1:45, was significantly higher at the end of week 6. A significant negative correlation was observed between Corchorus olitorius plant height and Phosphorus (r = −0.0418; p < 0.05) removal in the media. The study concluded that the use of diluted human urine for soilless cultivation of vegetables, if encouraged, could promote food security and environmental sustainability at household level in communities.
Introduction
Indiscriminate disposal of untreated human wastes (urine and faeces) could pollute soil and water sources. This aberration pervades developing countries.
The pollution is caused by the phosphorus which is a limiting nutrient in water pollution and eutrophication [1] . Eutrophication leads to algal growths which in turn cause taste and odour problems in drinking water supplies. Dead and decaying algae can also cause oxygen depletion of water bodies which in turn kills fishes and other aquatic fauna in streams [2] . Water pollution is dangerous to the aquatic ecosystems which are primarily used for potable needs of the populations in general and in Nigeria in particular [3] . However, in the developing countries, eutrophication is significant as a result of land-based pollution moving to waters, while human wastes used widely on farmland have been reported as contributing factor to over 80% of eutrophication worldwide [4] [5] [6] [7] .
Eutrophication continues to pose a serious threat to potable water sources, fisheries and recreational water bodies globally [8] . Further, eutrophication also causes hypoxia and anoxia in aquatic life as a result of sedimentation associated with primary production, and reduces the aesthetic quality of water preventing people from recreational activities, like swimming, boating, and picnic [9] [10] .
Despite the fact that many people regarded urine as waste, present essential nutrients (nitrogen, phosphorus and potassium) could be recovered using an eco-friendly approach. This approach could improve the surface water quality through reduction of nitrogen and phosphorus inflows from urine into aquatic systems.
Ecological sanitation systems permit the complete recovery of all nutrients in water bodies arising from human activities (e.g. faeces, urine and graywater) benefiting agriculture and allow economical use of water and its maximal reuse. In a study by Höglund, [11] it was reported that urine fraction in domestic wastewater contains about 80% of the nitrogen, 55% of the phosphorus and 60% of the potassium. Therefore, human urine has a potential to substitute chemical fertilizer due to its large amount of these plant nutrients [12] - [17] . These inherent nutrients in human urine could be harnessed through channeling into agricultural activities which would allow recycling of plant nutrients into eco-friendly food production. In addition, engaging in agricultural practice of harnessing nutrients from human urine via "peeponics" can help reduce the menace caused by the influx of human urine into the water bodies leading to eutrophication [18] . In recent years human urine has been widely used as fertilizer to grow tomatoes [16] , cabbage [14] , cucumber [13] , cereal and fruit crops [19] DOI: 10.4236/jep.2019. 101002 23 Journal of Environmental Protection M. Adejumo et al. [20] and amaranth [21] ; still its use in soilless plant cultivation has not been adequately investigated. This study therefore evaluated the use of urine for soilless cultivation (as Peeponics) of Amaranthus viridis and Corchorus olitorius vegetables.
Materials and Methods

Study Area
University of Ibadan is primarily residential with halls of residence for male and female students at both undergraduate and post-graduate levels. There is water and electricity supply which is also augmented with the inverter system. The 
Study Design
A laboratory-based experiment was carried out in two phases. First phase was an optimization of urine composition for vegetable cultivation. This phase was a pilot study conducted to find out the levels of dilution required for urine that 
Obtaining Informed Consent, Collection and Storage of Human Urine
During the planning stage of the study, the Hall Warden of Abdulsalami Abubakar Hall was approached and informed about the purpose and objective of the study as well as the procedure involved in the collection of urine. Thereafter, the Floor Representatives were contacted and informed that the urine to be collected did not involve individual participants, and that the collected urine would be used to grow vegetables within the Hall. The two meeting sessions were pertinent to ensure that leaders of the hall comprehend all aspects of the study and informed consent sought. Permission was granted by both the Hall Warden and floor representatives to carry out the study and individual postgraduate students were in support of the study. About 50 litres of raw urine was collected from the male postgraduate hall of residence. The container was washed with soap and sharp sand, and properly rinsed with clean water before the sample collection. The urine was collected within 2 days. A plumbing reconstruction was done to channel the urine from the urinals into the collection container (50 litres keg) positioned outside the building after which the facility was fixed back to its original state. Toilet facility urinals that prevented urine from mixing with faeces were also used for the collection of urine. Urine samples collected were transferred to two 25-litre kegs with covers. The kegs were tightly covered and stored for two weeks to ensure reduction in toxicity of concentrated urine to plants. This was necessary to ensure health and safety of the inmates. The smell of the stored urine was more pungent when compared with fresh urine. Due to microbial degradation of urea and other components of urine, the colour of the stored urine changed. measured and recorded before transplanting. These agronomic parameters include plant height, number of leaves, stem girth, and leaf area.
Collection of Experimental Vegetable Seeds and Nursery Development
Collection of the Surface Water to Serve as Control
Water samples (40 litres) were collected from Awba Dam, a natural lake situated inside the University of Ibadan campus. This water is treated and supplied as drinking water to the university community. In addition it contains sufficient minimal nutrients that may promote plant growth.
Experiments with Diluted Urine
Raw urine has been found to contain high amount of nitrogen, as well as phosphorus and potassium (typically an NPK ratio around 11:1:2.5) and is known to burn up the roots of plants leading to their death [22] . Dilution of raw urine with water becomes expedient to ensure survival of plants when suspended on the diluted urine in a container of 1litre capacity. The "Urine to Water" dilution was made using borehole water in varying ratios: 1:1, 1:2, 1:3, to 1:50 (urine to water). The diluted urine samples were poured into 50 separate transparent containers and replicated. The dilution was repeated for another 1:1 to 1:50, making it up to 100 containers.
Experiments Using Diluted Urine under "Peeponics"
Seedlings of the vegetables were carefully uprooted from the nursery; their roots were perforated to allow urine to get to the plant roots, and for the plant roots to grow through the perforated holes into the urine as they grew tall. The white Styrofoam was cut round to fit the mouth of the 15-litre bucket to support the plants. Another central hole was cut on the white Styrofoam to allow the perforated cylindrical container to pass through and hold tightly with a grip. The diluted urine (1:35 diluted) was poured half way into the labeled 15-litre plastic buckets ensuring the perforated cup was not completely immersed inside the urine. The experimental buckets were covered with black nylon to prevent sunlight and the growth of algae inside the containers. The mouths of the buckets were covered with the flat Styrofoam and, the perforated cup that contained the plants was inserted into perforated cylindrical plastic containers and both of them were inserted through the central hole of the white Styrofoam into the buckets containing diluted urine. After watching the level of contact of diluted urine with the cup, extra diluted urine was poured to ensure the cup with the plant was half immersed inside the urine in the bucket. The volume of the urine in the buckets was constant at 15 litres. The two dilution ratios were made in triplicates for each test plant. The setup was in triplicates. The dilution ratio 1:35 was designated Group 1; the 1:45 dilution as Group 2; and Control, Group 3. The entire experiment was monitored biweekly for a period of 6 weeks.
Laboratory Analysis
The pH was measured using a pre-calibrated pH meter; Conductivity and total dissolved solids (TDS) were measured using Jenway 470 TDS-Conductivity meter (UK). Total suspended solids (TSS) were determined using gravimetric method. BOD 5 was determined based on the difference between the dissolved oxy-gen at day one and day 5 after incubation at 20˚C for 5 days, and multiplied by dilution factor. COD was measured using closed reflux (titrimetric and colorimetric) method using metallic salt reagents. Nitrates was determined using Phenol Disulphonic Acid (PDA) Method. Phosphate was measured by Stannous Chloride Methods while flame photometric was used for the determination of Potassium (K) as described in [23] . These parameters were measured twice in a week consistently during the course of the experiment for a period of six weeks. Appropriate reagent blanks were prepared for each analysis to ensure Quality Control and Quality Assurance. All analyses were carried out in triplicates.
Measurement of Agronomic Parameters
The plant height was measured using meter rule. This measurement was taken from the bottom (stem base) to the tip of the plant in centimetres. Stem girth was measured using Veneer calliper and documented in centimetres. Number of leaves was counted manually. Leaf area was measured using graph sheet to get actual leaf area. This was carried out by tracing the areas covered by the leaf on a graph sheet. This step was done for all the leaves present on the plant and the total area of the leaves divided by the number of the leaves present on the plant at the point of assessment. The leaf area can also be calculated using the formula below:
Plant Leaf Area = (Average Estimated leaf Area) × (No. of Leaves) × (Multiplying factor).
Estimated Leaf Area = (length of leaf) × (Breadth of Leaf). Multiplying factor = (Actual leaf area/Estimated leaf area) which became a constant for calculating for all the plants. Multiplying factors of each vegetable were calculated.
Data Management and Statistical Analysis
Data were compiled and analysed using statistical package for Social Sciences SPSS (version 21). Data were analysed using descriptive and analytical statistics.
The t-test was used to estimate the significant difference between the mean growth rates among two treatment groups. Pearson correlation coefficient was used to quantify the degree of relationship between nutrient clearance from diluted urine and agronomy parameters among the selected vegetables. Analysis of variance (ANOVA) was used to compare the mean results of the two different groups of diluted urine, and controls.
Ethical Consideration
Ethical approval was obtained from the UI/UCH Joint Ethical Review Board to certify both the science and ethics of the research. The Hall Warden of Abdulsalami Abubakar Hall was informed about the objectives of the research and the purpose of collecting urine samples from the urinals located in the male postgraduate hall of residence. The Floor Representatives were also informed that the urine to be collected did not involve any harm but used to grow vegetables within the Hall.
Results
Urine Dilution Ratio for Optimal Test Crops Growth
Values of agronomic parameters within the three weeks were observed and recorded. Changes in the values of the growth media were presented (Figure 2 and Figure 3 ). Vegetable seedlings planted on urine dilution ratios 1:1 to 1:25 did not survive after one week of transplanting. Seedlings planted on UDR 1:30 to 1:50 survived and they were observed for three weeks. The plant height (cm), stem girth (cm), number of leaves (sheets) and leaf areas (cm 2 ) of Amaranthus viridis cultivated on UDR 1:35 and 1:45 were higher at the end of week 3 compared to those on other UDRs (Figure 2) . Similarly, Corchorus olitorius cultivated on UDR 1:35 and 1:45 had higher plant height (cm), stem girth (cm), number of leaves (sheets) and leaf areas (cm 2 ) compared to those planted on other UDRs (Figure 3 ). This is an indication that the UDRs 1:35 and 1:45 produced vegetables (Amaranthus viridis and Corchorus olitorius) with higher height, stem girth and leaf area and could be chosen as the optimal urine dilution ratio for further scale up study. 
Characteristics of the Diluted Urine
Diluted urine samples were analyzed before the commencement of vegetable seedlings transplanting. The results are presented in Table 2 . significant at the end of six week of cultivation. These findings indicated that there was a steady increase in biomass as indicated by the agronomic parameters of the vegetables over the cultivation period. It is evident that significant growths of the vegetables were observed with the use of urine during the period of culti-vation. Furthermore, concentrations of nitrogen, phosphorus and potassium were compared between urine dilution ratio of 1:35 and 1:45 to establish any differences as presented in 
The Percentage Reduction in Nutrients in the Diluted Urine
While percentage nutrients-NPK reduction of both diluted urine of ratio 1:35 respectively. Likewise, potassium was reduced by 86.1% at a UDR 1:45 and 64.2% on a UDR 1:35. However, a total Nutrients (NPK) reduction (100%) was observed in the two vegetables cultivated on the control water.
Relationship between Agronomic Parameters of Vegetables and Nutrients (NPK) in the Urine Media
Correlation between the agronomic parameters of the two vegetables (Amaranthus viridis and Corchorus olitorius) and the nutrients-NPK removals from the media was observed as presented in Table 5 . There was a significant negative correlation between Amaranthus viridis plant height and phosphorus (r = −0.437, (p < 0.01). Similarly, negative correlation existed between Amaranthus viridis plant height and nitrogen (r = −0.177), and potassium (r = −0.316). The correlations were not statistically significant (p > 0.05). Also, a statistically not significant negative correlation existed between phosphorus and number of leaves (r = −0.120), stem girth (r = −0.103), and Leaf area (r = −0.124). Likewise, there was a statistically significant negative correlation between Corchorus olitorius plant height and Phosphorus (r = −0.0418; p < 0.05). Other indices also revealed negative correlation but were not statistically significant. Table 5 . Correlation between Nitrogen, Phosphorous and Potassium (NPK) levels and agronomic parameters of the two vegetables. 
Discussion
The present study showed that at a lower dilution ratio of urine, less than Yang et al., [25] that plants in urine medium with 1:50 dilution ratio exhibited a glorious green color, whereas the colour descended to gloomy yellow-green with decrease of dilution ratios. Data from this study revealed that agronomic para- growth. The quantity of NPK in this study was higher than the findings of previous study [26] . However, UDR 1:35 had higher amounts of NPK compared to UDR 1:45. This was expected since the amount of diluent (water) was higher in dilution ratio 1:45 compared to 1:35. High quantity of NPK in the two dilution ratios would provide adequate nutrients required for plant growth. This is similar to the findings of Jönsson et al. [26] , that the macronutrients such as nitrogen, phosphorous and potassium are frequently required by plant in large proportions than micronutrients. Data from this study revealed that the plant height (cm), number of leaves, Stem girth (cm), and leaf area (cm 2 ) of Amaranthus viridis on urine of dilution ratio 1:35 across six weeks were supported by the nutrients in the diluted urine. Likewise the Amaranthus viridis planted on 1:45 dilutions showed increase in all the parameters assessed from the start of the experiment to the sixth week of observation. These increases in parameters observed were supposedly because of the presence of nutrients in urine. The Corchorus olitorius vegetable showed an increase in plant yield over the period of cultivation. This is an indication that urine on dilution ratio 1:35 and 1:45 supported the growth. This findings is similar to the previous studies [27] [28] [29] . This study also found that the Corchorus olitorius vegetable planted on urine of dilution ratio 1:45 produced better yield than Corchorus olitorius planted on the di- Also, diluted urine of 1:45 ratio significantly gave the lowest phosphorous value after 6 weeks of cultivating Amaranthus viridis as compared to the diluted urine of 1:35 ratio. Furthermore, a statistically significant difference was observed between nitrogen, phosphorous and potassium of diluted urine at ratio 1:45 and 1:35 after 6 weeks of Corchorus olitorius cultivation. This indicated that Corchorus olitorius was capable of removing higher amounts of nutrients (nitrogen, phosphorous and potassium) from diluted urine medium 1:45 compared to 1:35.
Furthermore, a significantly negative correlation was observed between Amaranthus viridis plant height and phosphorus, whereas correlation between plant height and nitrogen, and potassium was negative but not significant. Likewise, all the agronomic parameters (plant height, stem girth, number of leaves and leaf area) were negatively correlated with nutrients (NPK) in the diluted urine. These findings, nevertheless, suggest that increase in agronomic parameters indicting biomass increase bring about the reduction in the concentration of the nutrients (NPK) in the diluted urine. Thus urine use as peeponics is a good source of food security in the households with low income.
Conclusion
This study affirmed that diluted urine contains plant nutrients sufficient to sup- 
